Background: Coronary heart disease (CHD) remains a major public health burden, causing 80,000 deaths annually in England and Wales, with major inequalities. However, there are no recent analyses of age-specific socioeconomic trends in mortality. We analysed annual trends in inequalities in age-specific CHD mortality rates in small areas in England, grouped into deprivation quintiles.
Introduction
Coronary heart disease (CHD) remains a major public health burden in England and Wales, causing 80,000 deaths in 2007 and chronically affecting about 3 million patients. Major inequalities have been described, with marked social and regional differences in premature mortality rates [1] [2] [3] [4] .
The rate of mortality decline has usually been described in terms of overall age adjusted rates, and little attention has been paid to differentials in terms of age and socioeconomic characteristics. Yet, several recent reports suggest that despite striking age adjusted declines, a slowing or plateauing in mortality rates has been observed in young adults in the last decade of the twentieth century. The flattening of CHD mortality rates in young adults has now been reported in England & Wales [5] , the United States, Australia [6] [7] and New Zealand [8] . A marked reduction in healthcare use is implausible. The spotlight falls on recent changes in major cardiovascular risk factors, especially dramatic increases in obesity and diabetes in most industrialised countries [9] [10] , flattening of previous blood pressure falls in US women [11] [12] and persistent smoking in young adults in the United Kingdom and elsewhere [13] . The slowing of the decline in mortality in young adults was also observed in Scotland, but limited to young men living in the most deprived areas [14] .
It remains uncertain whether the observed pattern of a slowing down in the pace of fall in CHD mortality amongst young people continued into the 21 st century. Nor whether, as in Scotland, the flattening in mortality trends amongst young people has been confined to socially deprived groups. There are no reports of agespecific socioeconomic trend differentials in England. Our aim was therefore to analyse recent patterns in age, sex and socioeconomic circumstances specific CHD mortality trends in England during the period 1982-2006.
Methods

Data
We used the Index of Multiple Deprivation 2007 (IMD) as our indicator of socioeconomic circumstances [15] . The IMD is a measure of multiple deprivation at the small area level, the Lowerlayer Super Output Area (LSOA), an area covering an average of 1,500 people. The overall IMD score is a weighted composite of indicators measuring seven domains of deprivation (income; employment; health and disability; education, skills and training; barriers to housing and services; crime; living environment). The 32,482 LSOAs in England were grouped in equal fifths according to ranked IMD score, quintiles one and five (Q1 and Q5) representing the least and most deprived areas respectively. The IMD quintile group membership of an area remained fixed over the period of analysis, ie . In other words, we compared trends for the same set of areas across all years of the study. When classified into deprivation quintiles, the relative ranking of areas remained markedly stable over this period (see supporting information Text S1). At this level of aggregation (6.5 million adults aged 35 years or older and 6.5 thousand LSOAs per quintile), selective net migration between quintile groups was reckoned to have some, but not a significant impact on the analysis of trends reported [16] .
Corresponding LSOA mid-year population estimates by five year age-group and sex for the period 2001-07 were provided by the Office for National Statistics (ONS) as 'experimental statistics'. For 1981-2000, we estimated populations by extending previous work using a cohort-component model with outputs constrained to sum to the ONS subnational estimates for each year [17] . All agesex population estimates were aggregated into the deprivation quintiles described above.
We obtained mortality data by year of registration of death for the period 1981 to 2007 from ONS. For each year, ONS provided counts of deaths aggregated up to 3-digit International Classification of Diseases (ICD) codes in five year age bands by sex for each of our five deprivation groups. We determined underlying cause of death from coronary heart disease by selecting on ICD-9 (ninth revision) codes 410-414 for the period 1981-2000 and ICD-10 (tenth revision) codes I20-I25 for 2001-07.
When segmented by sex, 10-year age bands and deprivation quintiles, age-specific CHD death rates were subject to random annual fluctuations, particularly in the younger ages. To reduce variability and capture the underlying trend, we calculated agespecific rates using three year moving averages. We quote just the central year to denote the rate for each three-year interval (ie '1982' for rates calculated by pooling mortality and population data over the years 1981, 1982 and 1983) . Hence the series analysed, or our study period, runs from 1982-2006: but we also used data for the years 1981 and 2007 to derive the first ('1982') and last ('2006') data points in the series.
We restricted our analyses to persons aged 35 years and older, with those aged 85+ comprising the last open-ended age band. Overall CHD mortality rates by deprivation quintile were agestandardised using the European standard as the reference population. Age-specific mortality rates and their standard errors by sex, year, and deprivation quintile are available as supplementary information (Table S1 (men), Table S2 (women)).
Statistical Analysis
We used the Joinpoint Regression Programme (version 3.4.2, Oct 2009) to estimate periods with similar annual percentage change in mortality rates. We used a Bayesian information criterion approach and allowed a maximum of three join points (i.e. four segments) with a minimum of four data points per segment so as to include at least one non-overlapping data point in a segment composed of three-year moving averages. In addition to the annual percentage change (APC) over each segment, Joinpoint also calculates a weighted average annual percentage change (AAPC) over the whole 25 years of the study.
We measured inequality along two axes: the absolute difference or the gap between the mortality levels in the most and least deprived quintiles; and a relative measure of inequality expressed as a ratio between the top and bottom quintiles. We have presented these two axes based on simple calculations as well as on regression analyses. The simple measures are the age-standardised rate difference and rate ratios of the direct estimates for the two extreme fifths of the population. The regression-based analysis takes into account the values across the whole spectrum of deprivation quintiles and the population size within each quintile in every year. Corresponding to the simple measures, the slope index of inequality (SII) provides the equivalent absolute difference in age-standardised mortality rates and the relative index of inequality (RII) provides a measure of ratio of the estimated health of the most deprived person compared to the estimated health of the least deprived person in the population. Thus, even though the deprivation quintiles were based on roughly equal population sizes, the simple inequality estimates which compared values for the extreme fifths of the population were less wide than the regression-based estimates which estimated the inequality between the hypothetical persons at each end of the distribution. We calculated the SII and the RII using the Health Disparities Calculator (HD*Calc version 1.2.2, June 2012). For the RII, we have used the Kunst-Mackenbach Index (KMI) as this is conceptually closest to the simple rate ratio measure [18] .
Results
Overall Change in Age-adjusted CHD Mortality Rates
Between 1982 and 2006, the age-standardised rate for CHD mortality in England fell by about 60% in men and women (62.2% and 59.7%, respectively). Rates declined slightly faster for men, averaging 4.0% per year, than for women (3.7% per year) ( Table 1) . However, absolute rates remained over twice as high for men compared to women throughout the period. Thus CHD mortality rates in men reached a similar level in 2006 (272 per 100,000, 95% confidence limits: 270.7, 273.7 per 100,000) as rates in women more than a decade previously (280 (278.3, 281.0) per 100,000 in 1992). Relative Index of Inequality measure used is the Kunst-Mackenbach Index (KMI) derived from the HD*Calc (SEER programme). It is a regression-based relative inequality ratio between the estimated health of the person at the bottom of the socioeconomic distribution to the estimated health of the person at the top of the distribution. A formal test for trend in the change in rate ratios was significant (p,0.0001) for men and women. doi:10.1371/journal.pone.0059608.t001
The rapid decline in age-adjusted CHD mortality rates was observed in all deprivation groups. The annual average rate of decline for England was slowest in the 1980s (2.2% per year for men and 1.3% per year for women); gathered pace to 4.2% per year in the 1990s for both men and women; and accelerating even faster to 5.1% per year in the 2000s for both sexes (Table 1) . Thus, the absolute gap in age-adjusted death rates between the most and least deprived groups fell by two-thirds for men (from 300 per However, the narrowing of the absolute inequality gap was accompanied by a significant widening in the rate ratio between the most and least deprived groups. The widening of the rate ratios was not just an artefact of the arithmetic property of rate ratios as levels fall; despite much lower mortality levels, the annual pace of fall in the least deprived areas was the fastest. Rates fell more slowly for men and women living in the most deprived areas (3.3% per year) compared with the fall in rates observed in the least deprived areas (men 4.3% and women 3.9% per year) ( Table 1 ). Given the differential pace of decline, the rate ratio for men consequently rose by about 80% from 1.52 (1.50, 1.54) to 1.94 (1.90, 1.97); and rose for women too, but by half of that (40%) for men, from 1.64 (1.62, 1.67) to 1.90 (1.86, 1.94). Thus, over the quarter century, absolute inequality in CHD mortality declined but relative inequality increased significantly.
Age-specific Changes in CHD Mortality Rates
CHD mortality rates fell for all age groups and across all deprivation quintiles between 1982 and 2006. Absolute inequalities therefore narrowed in each age and sex group (Figure 2) . However, relative inequalities widened over the same period because death rates fell differentially.
In 2006 there was a four-fold difference in rate ratios for men and a six-fold difference for women aged [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] (Figures 3 and 4) . The rate ratio was largest for the youngest age groups and became successively shallower for older ages until by age 85 and over it stood at just a little over one, signifying only a small mortality disadvantage in the most deprived groups relative to the least deprived. Not only were the CHD mortality rate ratios larger in younger ages, they also widened more over time ( Figure 5 ). This was more clearly visible for men because rates for young women were particularly low in the least deprived areas (under 10 per 100,000 women from 1990 onwards in the age groups 35-44 and 45-54), and therefore subject to fluctuations from one year to the next. Rate ratios for all ages drifted upwards over time because of the social gradient in the pace of decline in age-specific rates. Rates fell further in the more advantaged areas than in the deprived areas.
The average annual rate of fall over the period was larger for men than women aged up to 54, but was higher for women than men aged 55 to 84 converging finally at age 85 and over (Figure 2) . The social gradient in the rate of fall averaged over the whole 25-year period of the study (or AAPCs) was most marked between ages 55-84 where the majority of CHD deaths occur (Figure 3) . Among those aged 85 and over, rates of fall were modest (about 2% per annum) and the pace of fall did not vary significantly between deprivation quintiles ( Figure 2) . As a result, the rate ratios for those aged 85 and over stood at just over one throughout the whole period despite the rate difference in this age group narrowing by about a fifth ( Figure 5 ).
Time Trend Analysis in Men and Women
Partitioning the overall average percentage rate of change into time period segments showed that the annual rate of decline in CHD mortality in men for England was steeper in the most recent period from about 2000 onwards than in any of the previous periods for most age bands above 45 years (Tables 2 and 3 
Time Trend Analysis -by Deprivation Quintiles and Sex
Examination of deprivation-specific age trends revealed a similar slowing in the rate of fall in younger men aged less than 45 in all quintiles except the third quintile (Table 2 ). In contrast, the pace of fall in young women aged 45-54 in the two least deprived quintiles flattened substantially (to 1.0% in quintile one, not significantly different from 0% at the 95% confidence level) and actually reversed for quintile two with rates rising by about 5% per year between 2003-2006 (+4.9%,+1.0% to +8.9%) ( Table 3) .
From age 55 onwards, the pace of fall in the most recent period was significantly more rapid than in the preceding period in virtually all age groups and across all deprivation quintiles. Furthermore, for each age group and across sexes, rates of fall were invariably lower in the most deprived than the least deprived quintile groups.
Discussion
Summary of Study Findings
This study investigated trends in the socio-economic patterning of CHD mortality between 1982 and 2006 in the English population aged 35 and older. CHD death rates fell dramatically, by approximately 60% in men and women. Rates of fall accelerated from 2000s onwards, with the steepest falls in the most advantaged group. Hence, substantial social inequalities in CHD mortality persisted in England throughout the period. For Table 3 . Cont. ages less than 45 years, CHD death rates were up to six times higher in deprived compared to advantaged groups. Encouragingly, the gap between the most and least deprived quintiles closed year on year, such that by 2006 absolute inequalities were approximately half those in 1982. However, because the pace of fall was steeper in the least deprived areas, relative inequalities widened over the same period such that by 2006, the ratio of ageadjusted CHD death rates was about twice as high.
Examining age-specific trends reveals two contrasting patterns from about 2000: the secular fall in CHD mortality stalled for ages 35-54 across all socioeconomic groups, but accelerated for middle aged and elderly men and women. The latter were socially graded, being slowest for the most deprived groups. As most CHD deaths occur at older ages, the net effect of these contrasting trend patterns on the overall age-standardised rate was one of significantly accelerated fall in the early years of the 21 st century for both sexes and across all deprivation quintiles, but with relative inequalities widening.
Comparisons with Other Studies
This study confirms previous reports of a slowing of the pace of decline in CHD mortality trends in young adults in England [5, 19] . First, the flattening in the younger men (35-44) clearly continues (even after adding a few crucial years in early 2000s to update the time series). The pattern of change for men and women aged 45-54 is slightly different. In previous analysis for England and Wales, this age group experienced a slowing down in the pace of decline, starting in the mid-1990s [5] . In this updated analysis, the flattening is confirmed for the period 1994/5-2002, but thereafter instead of stagnating, rates began to fall strongly again. This intriguing pattern has also recently been observed in the Netherlands for men and women aged 35-54 [20] .
A recent analysis of the WHO Health For All database, focusing on age-standardised rates for adults aged 35-44, confirmed the flattening periods in Scotland and the ''speed up'' observed in the Netherlands in the early 2000s, but did not comment on flattening in England [21] . Although they looked at a similar time span, they compared change across three fixed time points, each a decade apart. Our findings therefore highlight the added value of using more granular data to pinpoint turning points more precisely, and also the need to frequently update trend analysis as new information becomes available.
The flattening in CHD mortality trends in younger men and women in England was relatively uniform across social quintiles. This offers an intriguing contrast with Scotland where it was limited to young adults living in deprived areas [14] .
Socioeconomic differentials in the pace of change in ageadjusted rates have been reported in other settings, but often without examining age specific rates. Marked social differences, with widening of relative inequalities in premature coronary heart disease mortality rates at the turn of the century have been described in Great Britain [22] and in six European countries [23] . In the US, slower decline in CHD and stroke in the least educated was observed, particularly in African Americans with low educational attainment [24] . In New Zealand, a similar slowing of decline in CHD mortality rates has been described for Maoris and Pacific Islanders, considered more deprived than Europeans [8] .
Strengths and Limitations
To our knowledge, this is the first study to uncover the socioeconomic dimension in the conflicting pattern of change in age-specific CHD mortality rates at the start of the 21 st century in England. Strengths of our study include: the use of data on the entire population rather than a potentially unrepresentative sample; the analysis of year-on-year change, rather than selected atypical endpoint years, to uncover the underlying trends over a quarter century; and the use of trend regression analysis software (Joinpoint) to pinpoint turning points.
The Joinpoint regression analysis is able to identify periods of similar annual percent changes; avoiding the need to pre-specify time periods (which may then bias the way in which the trends are analysed). Moreover, because the maximum numbers of possible join points was deliberately limited in this study, each segment within the overall trend was based on more data points and therefore better captured the true underlying shifts in the pace of CHD mortality change over the quarter century, undistorted by short-run variability in mortality rates. Furthermore, this population is large enough to allow the calculation of relatively robust age-and sex-specific estimates by deprivation quintiles. However, a disadvantage of Joinpoint analysis is that the turning points, and hence the associated time intervals, do not coincide for each population subgroup making it more difficult to identify potential drivers and thereby inform policy action.
This study also has several limitations. Cause of death coding is prone to misclassification and inconsistencies, particularly with changes over time in classification systems and coding rules. Results of necropsy studies have also found that the accuracy of death certification varies by type of disease and patients' age [25] . For CHD deaths, however, misclassification and inaccurate certification were relatively minor issues as evidenced by studies using dual ICD coding methods to assess the impact of major classification change [26] and morbidity-mortality linked data to identify inconsistencies in cause-coding [25] . Misclassification of cause of death recording (and variation in such misclassification over the study period) would need to be differential across deprivation quintiles to bias our estimates of CHD mortality inequality. However, any such bias is likely to be small as there is no reason to suppose that medical certification practices were systematically and substantially related to deprivation.
We used the overall IMD score of a small area in 2007 to allocate it to a quintile group and this categorisation remained fixed over the entire period of the analysis (Text S1). This was partly for practical reasons -there was no equivalent composite score of multiple deprivation available until the late 1990s -and partly because the relative ranking of small areas in England has remained remarkably stable over long periods whatever measure of relative deprivation is used [27] . Selective (net) migration patterns might still hamper trend analysis of socioeconomic mortality differentials when using area-based measures of socioeconomic position [28] [29] . Our finding of widening relative social inequalities in CHD mortality is consistent with findings from cohort follow-up studies using individual social position [30] . However, this is an ecological study and we can only draw firm conclusions about trends in CHD mortality in deprived areas, not deprived individuals. The small areas on which the IMD is based are quite similar in size (c. 1500 persons, falling to c. 1000 age 25 or over), and are socially segregated, but not all socially disadvantaged people live in deprived areas, and vice-versa. But because area-based deprivation measures capture both the contextual and compositional aspects of deprivation, they may be a more reliable measure of socioeconomic inequalities than disadvantage measured between groups based on individual social position alone.
The overall IMD score is a composite of seven domains, including a health and disability domain which uses premature total mortality in its derivation. Including this domain to analyse mortality trends might have induced some circular inference.
However, removing the health domain in other analyses had little effect on either the assignment of areas into specific deprivation quintiles or the relationship between area-based deprivation and health [31] .
Plausible Explanations of Persistent Inequalities and Trends
The persistence of significant relative inequalities and the slowing down of the mortality decline in younger cohorts cannot be plausibly explained by a dramatic deterioration in medical care. Indeed, the National Health Service (NHS) in England has been remarkably effective in delivering evidence-based care for coronary heart disease patients across the socioeconomic spectrum [32] [33] . Thus, socioeconomic differences in risk factor trends, and hence CHD incidence, appear the most likely candidate to explain the social gradient in mortality patterns.
Risk factor trends in England by socioeconomic circumstance appear complex [34] . Between 1994 and 2008, the prevalence of smoking, high blood pressure and raised cholesterol decreased in most deprivation quintiles, with relative inequalities neither widening nor narrowing significantly. However, inequalities increased in obesity and diabetes and high blood pressure particularly in younger women.
Acceleration in the decline in CHD mortality among middleaged and older people might partly reflect the impact on casefatality of the doubling of uptake of effective drug therapies for community based patients with chronic disease, for it is they who represent the largest CHD burden [33] . On-going modelling studies to understand the evolution of social differentials in the drivers of changes in CHD incidence and changes in case-fatality in England [33] and Scotland might shed further light on this issue.
Life expectancy has increased markedly over the period of the study, particularly at older ages. It has increased for all groups, but more rapidly for the most advantaged resulting in an increase in relative inequality in life expectancy between socioeconomic groups in England and Wales [35] . The fall in CHD mortality since the 1970s has played a major role in the overall increase in life expectancy; and equally, our study shows that differentials in the pace of its fall between groups have contributed to the widening of relative inequalities in life expectancy.
Conclusions
Coronary heart disease remains the leading cause of death in the UK, and an important contributor to socio-economic inequalities in life expectancy. Although absolute inequalities have declined over time, the widening of relative inequalities and the recent slowing of the decline in CHD mortality rates in young adults suggest that the epidemic is far from being controlled.
The NHS success in providing equitable care to CHD patients should now be matched by an equally strong emphasis on equitable prevention. Population level policies, such as tobacco legislation and dietary salt intake reduction have the potential to reduce CHD burden whilst also reducing socio-economic inequalities [36] . 
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